endogenously expressed siRNAs promote chromatin organization and compaction in C. elegans. It is 153 also possible that chromatin decompaction in hrde-1(-), nrde-2(-), or morc-1(-) animals could be an 154 indirect consequence of the gene misregulation that occurs in animals lacking a functioning nuclear 155
RNAi system 32, 42 . To ask if small RNAs directly mediate chromatin compaction in C. elegans, we asked 156 if experimental RNAi were sufficient to drive chromatin compaction. We targeted a large and repetitive 157 multi-copy sur-5::gfp transgene, which expresses GFP in all somatic cells of C. elegans, with gfp RNAi 158 and used gfp DNA FISH to visualize the space occupied by gfp DNA before and after gfp RNAi ( Fig. 2A) 159 43, 44 . The repetitive sur-5::gfp transgene was chosen as its large size might be expected to make 160 quantifications of size feasible. Similarly, we chose to image DNA FISH signals in intestinal cells as 161 these cells are polyploid (32N), large, and easy to identify 45 . After gfp RNAi, the subnuclear space 162 occupied by sur-5::gfp DNA appeared to decrease ( Fig. 2A) found that both NRDE-2 and NRDE-3 were required for RNAi-directed chromatin compaction (Fig.  171 3A/B). Given that NRDE-3 is an AGO, the data support the idea that small RNAs are needed to mediate 172 sur-5::gfp chromatin compaction. Given that NRDE-2 is a nuclear RNAi factor, the data support the idea 173 that small RNAs engage the nuclear RNAi machinery to mediate chromatin compaction. In the absence 174 of gfp RNAi the space occupied by the sur-5::gfp transgene was greater in nrde-2(-) and nrde-3(-) than 175 in wild-type animals, suggesting that small RNA and nuclear RNAi-based sur-5::gfp compaction occurs 176 at some level even in the absence of exogenous sources of gfp dsRNA (Fig. 3B ). This latter observation 177 is consistent with previous reports demonstrating that repetitive transgenes are often subjected to RNAi-178 based gene silencing in C. elegans 46 . How might siRNAs direct chromatin compaction? In many 179 eukaryotes including C. elegans, RNAi directs H3K9me3 at genomic loci exhibiting sequence homology 180 to RNAi triggers 27 . In addition, HP1-like proteins are recruited to H3K9me3 containing chromatin and 181 homo-dimerize (or undergo phase separation) to compact chromatin by linking together distant sites of 182 chromatin 13, 16, 47 . Finally, the HP1-like protein HPL-2 has been functionally linked to nuclear RNAi in C.
Studies asking if components of the C. elegans Polymcomb 2 complex are needed for RNAi-directed 220 chromatin compaction could test this model. Finally, the GHKL ATPase MORC-1 has been linked to 221 chromatin compaction in plants and in C. elegans germ cells 39, 40 . These observations have led to a 222 model in which MORC-1 compacts chromatin at the direction of small RNAs. The chromatin compaction 223 system described here will allow the role of MORC-1 in somatic chromatin compaction to be assessed. reporter in the germline and maintained at 25°C for three generations. Z-slices were gathered at 0.3 um 322 intervals. 3D reconstructions were generated using Nikon Imaging software. 323 324 325
